The problem of flutter is an important topic involving aeroelastic analysis. The first approach to studying this problem was proposed by Theodore Theodorsen in 1935 and, since that publication, Theodorsen's theory has been extensively used by many researchers. However, it is common to find typographical errors in the definitions of the coefficients introduced by Theodorsen to determine the aerodynamic forces in a typical section airfoil. In this context, this paper summarizes the most common typographical errors found in the literature and includes mathematical demonstrations to clarify the correct form of those coefficients.
Introduction
Theodorsen (1935) proposed a theory based on potential flow and the Kutta conditions for the study of aerodynamic instability and the mechanism of flutter. That work is, probably, the base for the majority of methods used in aeroelasticity analysis nowadays. Theodorsen's work was developed for an oscillating airfoil or airfoil-aileron with three degrees of freedom; his solution used certain definite integrals identified as Bessel functions of the first and second kind of zero and first order.
To compute unsteady aerodynamic forces on an airfoil section with three degrees of freedom, Theodorsen used various coefficients T i , which are dependent on the geometry of the system. Although a detailed formulation had been presented (Theodorsen, 1935) , the algebraic development of every coefficient was not presented. In this report, however, Theodorsen, developed illustrative examples and experimental results that validated his ideas.
Recently, authors have shown that Theodorsen's report was published with numerical errors. For example, Zeiler (2000) found a number of erroneous plots. However, Zeiler highlighted the historical importance of that work and also its usefulness in this field. After Zeiler's work, Perry (2015) recomputed the numerical results of Theodorsen's report (Theodorsen, 1935) . Perry also published an engineering note to make this point clear (Perry, 2016) . Zeiler and Perry found incorrect computations without any indication of what might be typographical errors.
Since Theodorsen's work was published, his theory has been used by researchers to develop methodologies in linear and nonlinear aeroelasticity and a large number of works have been published by the scientific community (Alighanbari, 1995; Ko et al., 1998; Bueno et al., 2014; Zhang and Behal, 2016) . Among these works, several papers were disclosed with typographical errors in Theodorsen's coefficients (Edwards et al., 1979; Karpel, 1981; Kanda and Dowell, 2005; Li et al., 2010; Vasconcellos et al., 2012; Abdelkefi et al., 2012) . The quality of these works is not questionable. However, particularly for students making initial steps in this area, these errors have have contributed to an increased in time wasted by comparing different bibliographical references. In addition, it is also reasonable to assume that some students might even be wasting some part of their time with incorrect computational implementations.
Typographical errors in scientific papers can eventually be found. For example, in the section ''differential equation of motion'' on page 419 of his report (Theodorsen, 1935) , Theodorsen writes the term (hS ) instead of including the second derivative ð € hS Þ for the rearranged equation of (). Similarly, equation (C) on page 420 of the same report presents the term [h(1 þ )/ b] instead of ½ € hð1 þ Þ=b. Some typographical errors are not easily noticed while reading a paper. Some of them can probably be found during computational implementation, particularly for those errors where the results are significantly modified in comparison with expected results. Conversely, for the cases where the final results are unknown, the detection of a typographical error can be a hard task.
Several textbooks have introduced new ideas in aeroservoelasticity fields (Bisplinghoff and Ashley, 1962; Dowell et al., 1995; Hodges and Pierce, 2002; Wright and Cooper, 2007) . Some of these also present complementary information and discuss applications involving Theodorsen's theory. However, algebraic demonstrations of each coefficient T i are commonly not included. In this context, the contribution of this paper is to present the most common typographical errors found in the literature, and clarify by analytical development the correct expressions that define them. In addition, this paper includes appendix I that defines the aerodynamic force and moments in matrix form, as they are often used by researchers.
The most common typographical errors
Theodorsen's theory, developed to study the mechanism of flutter, was based on a simple aeroelastic system, which represents a typical section airfoil. An illustrative scheme of this system is shown in Figure 1 , where h is the plunge, is the pitch, is the control surface angular displacement, and b is the aerodynamic semi-chord (s.m.). In this figure, c.e. denotes the elastic center, a is the location of the elastic center measured from s.m., c is the location of the control surface elastic center measured from s.m., and CS denotes the control surface. This illustration is important for understanding the physical meaning behind some of the equations presented in this paper. By comparing relevant works from the literature, it is possible to verify that the coefficients T 4 , T 13 , T 9 , T 7 , and T 1 are often defined by different equations. It is presumed that these differences simply correspond to typographical errors. However, they can be found in doctoral theses, master's dissertations, and important papers published in specialized periodical journals and conferences.
According to Theodorsen (1935) , each coefficient T i is obtained from velocity potentials and their analytical forms are considered herein as hypotheses to be confirmed. Based on a literature review, the most common typographical errors involving these coefficients are summarized in Table 1 .
Analytical development of some
Theodorsen's coefficients
In this section, algebraic demonstrations of each coefficient presented in Table 1 are developed with the objective of comparing the analytical form with the results proposed by Theodorsen (1935) . The idea herein is to clarify the correct definitions and the recursive forms used by Theodorsen, since the equations described by Theodorsen cannot be directly obtained from the solutions of the integrals. Probably, at that time, the recursive form was a convenient approach to minimize the calculations that were performed by hand. To demonstrate the correct form of some coefficients T i , the integrals proposed by Theodorsen are considered as hypotheses to be confirmed.
Coefficient T 4 .
Hypothesis from Theodorsen's work.
Mathematical proof.
¼ sinðlÞ. Then, substituting the terms
By comparing this result with equation (1), it is possible to prove that
and
Then, denoting It is not written as a sum of two terms.
It is written as a sum of two negative terms.
It is involved to define T 13 .
It is written with [Àcos
It appears multiplied by À 1 instead of À 2 in matrix M nc . M nc Elements (2,3) and (3,2) are defined by À T 13 instead of À2T 13 .
and substituting the terms
! By comparing this result with equation (2), it is possible to prove that
From the constants T 4 and T 9 , respectively, note that
Substituting the terms
By comparing this result with equation (3), it is possible to prove that
2.1.4. Coefficients T 7 and T 13 .
to simplify the notation, it is possible to evaluate each term separately 
Similarly, it is possible to write the terms based on previous demonstrations, i.e.
At this point, the integral I defined in equation (4) is solved and it can be computed by _ b 2 P 4 i¼1 I i . However, it is not yet possible to compare the results explicitly. Thus, a nonintuitive rearrangement is presented as
and, then
Considering the definition of T 1 , it is possible to write
By comparing this result with equation (4), it is possible to prove that if
Discussion of results
To demonstrate the influence of the typographic errors and their effect on the final solutions of a certain aeroelastic problem is not a trivial task, since the final results depend on various other parameters (structural properties, and the combination of several errors simultaneously). However, it is possible to present a simplified discussion to clarify how a simple mistake can affect the unsteady aerodynamic loads proposed by Theodorsen.
Considering the system presented in Figure 1 for the case in which both pitch and plunge degrees of freedom are fixed, i.e. hðtÞ ¼ ðtÞ ¼ 0 the Theodorsen's force presented in equation (8) can be simplified toF h , such that
Assuming the control surface displacement ¼ 0 sin() (where ¼ ! t), and rewriting in terms of the reduced frequency cy ðÞ ¼ 0 sinðÞ
where the angle is an angular displacement and subscript ''cy'' indicates one cycle of motion (0 2p). Using equation (7), the unsteady aerodynamic force (equation (6)) can be determined.
The following results ofF h were obtained considering the correct form of T 1 (shown in Appendix 2) in comparison with its incorrect form, computed as indicated in the first line of Table 1 high values of reduced frequency. These results can also be verified from equation (6) (or equation (8)), which shows the coefficient T 1 multiplied by € , since the latter is a function of k 2 . The presented differences also imply an incorrect magnitude of the unsteady aerodynamic force. According to Figure 3 , the value of jF h j over a cycle of motion is more inaccurate for high reduced frequencies. However, small values, e.g. k ¼ 0.5 (Figure 4 ) and k ¼ 1.1 ( Figure 5 ) can also result on incorrect computations. The results shown in Figure 5 also indicate an important error in the phase ofF h .
Final remarks
Since its publication in 1935, Theodorsen's theory has established the foundations of aeroelasticity. The aerodynamic forces for a typical section airfoil were defined in terms of coefficients for which Theodorsen's report (Theodorsen (1935) ) does not present a complete mathematical demonstration. Some of these coefficients cannot be defined directly by solving an integral because they require recursive solutions to be explicitly determined. In this context, this paper presented the most common typographical errors found in the definition of these coefficients. The corrected coefficients were calculated and are listed in Appendix 2 for easy reference.
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